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Introduction &

» From Runl results : New World Average (2004)
M, =178.0 + 4.3 GeV (+2.7+3.3) hep-ex/0404010

» Top quark is heavy (~ 180 GeV) y, = — 2m, » 1

Yukawa coupling ~ 1. Vv
* The mass is near the Electro-Weak Symmetry Breaking Scale.

W Correlated with Higgs mass, together with W boson mass.

CIIVlW I.J. ( I\/ItopZ’ In(MH) )
» Standard Model Higgs Mass:

% a3 Most probable: 114 iig GeV
2 Upper limit(95% CL): 260 GeV
N » In this talk,

1 Excluded W
20 100
m,, [GeV]

(1) Dynamical Likelihood Method (DLM)
lepton+jets 3 1b tag

SNRIINELE I EI2EC e\ (2) Template Method
lepton+jets Otag, ¢ ltag,—» combined
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» “lepton+jets” decay mode

Final State : lepton(e,m, n, 4jets(2bjets)

SVX b jet tagging

|dentify by finding a

a
displaced
tracks

Secondary
wertex
i L .

EEEEEEE

vertex of displaced tracks -

b Excellent silicon detector! © '
Cuts DLM Template(btag) Template(Otag)
Lepton/MET One central electron or muon(Et(Pt)>20GeV), Met>20GeV
nJets ==4jets(Et>15) >=3.5jets(Et>15,>8) >=4jets(Et>21)
b tag >= 1 btag >= 1 btag NO
kinematical fit No YES (c2<9) YES (c?<9)
Observed 22 ev (L=162pb1) | 28 ev (L=162pb1) 39 ev (L=194pb1)
S/B ~4.2 ~3.0 ~ 0.7
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@ Dynamical Likelihood Method €& 8y
- Originally proposed in 1988 by K.Kondo.(J.Phys. Soc. 57, 4126)
» For i-th event, likelihood is defined as,

i N \2p4 2 2 .
L(M, )= OF—F M ["d(s, - (¢ I M. )dxd
( top) %% qu (Za’zb’pT)l | (SN (\+n) )W( t’X|y7 top) X SN

F : Parton distribution function for (z_,z,) and Pt of Tt\s\ystem
. : 2 _ 2 2
M : Matrix element of tt process, ||\/| | _| M orod | P(S‘) | Mdec |

N

w : Transfer function, x ; partons €«—> vy ; observables "~_
- - - 4 s,=(1+ny
» Two Summations and one integration : Pt

|, :Jets to partons combination (6: 1-tag, 2: 2-tag), |¢: Two n,solutions,
In practice, integration of x, s,, made by Monte Carlo Method.

» Extract top mass by maximum likelihood method,
L(Mtop) =-2In LI(Mtop)_ - M min. L(Mtop)

event (%]

=M

top — "Y'top
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Background Correction : DLM €8

o

» In the method, first, all events are assumed to be signal. Need
to correct background effect.

» Backgrounds pull likelihood peak down. (Have Lower Mass)

» Pseudo experiments(22ev) by varying

- source W+4j
background fraction to look at effects on :
signal tt events. Mistag 1.2+0.57

g 190, backgrg}:md fraction é IL‘.DFé Runll Fé’reliminéary Wbb 0.7 +0.29
S s : Wcce 0.3+0.12
3 185 15% | TR W 0o 010
] : : . ' -+

§ 189:-- — 25% ................... _ - ................ ..... c —

E | - | Single top 0.17 £ 0.03
2 175}

= 1 WW 0.08 £ 0.05
g% nonw 1.6 +0.38
g %%, Bkgtot. | 4.2+0.71
o 1 ;

é“"gaso"asy'“ ]

Input top mass GeV/c tt (67pb) 20.9

» Use this map to extract the top mass.

‘Kohei Yorita
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Pull Distribution : DLM €&

After applying mapping functions

195 Sanity check for Signal+Background sample 5 CDF Run Il Preliminary
‘:“'2 "E ' : 5 5 5 5 5 g ] : 5 | | 5 5
S qe0 _— _ —— i e Mt s Sy
B : : : -

O el ? R A s A S
@y Slopeofl """""""""""""" S n % [ — C.o.n.s.l.ste..n.t...w.l.th ------ l --------------------
® 1o é i =]
= 18% """ o o o e S o n E‘Lf """ e l """"""""" l """""""""" ; """"""""" l """""""""""""
E 1755 ..... .................... ..................... ................... vl y fndf 6.066:"5 E 1 ------------------------------------------------------------- ; --------------------------------------------------------------------
46 1 : : : Q . ; ;
S ATO o Prob 0.2999 . og ..... s S
- p0 0.2445 + 1.367 PS5 S SO O
O 465 N
g ] p‘l 0.9983+0.007787 0 . F
[ < N S 3 Y0 S R S S SN AU
e 7. : : - CDF Runll Prellmlnary ] : : | | : :
1% —FY——— 0f———m———m———=
160 165 190 175 180 165 1902 160 165 170 175 180 185 1902
Input Top Mass GeV/e Input top mass GeV/e

» No bias was found. The statistical uncertainties are also
scaled by the slope of mapping function properly.
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2In(L/L,..)
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Results : DLM

22 events joint likelihood

» Observed events :Total 22 events: electrons 12, Muons 10

Correct background-pulling

i

1]

1

CDE Runéll Preélimin%lry (1§2 pbg")

-

R éfter--i?;ackérounéd-@mélsi-deléati-oné{d-.-Z-eéventsé)--
177.8 + 23 (stat.only) GeV/c®

* ............. ............. ............. ............. ............. ............. .............

180,—

4.2 events expected.
CDF Run II. Preliminary (162.pb'1)
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Statistical & Systematic Uncertainty €& ._

%,
»Expected statistical Error » Systematic uncertalnty
Black arrows : Sources delta M,,,(GeV/c?)
Data :+4.5, —5.0GeV Jet Energy Scale 5.3
Monte Carlo : Transfer function 2.0
Mean : +5.4, — 5.0 GeV PDF 2.0
MPV :+45, —4.1GeV Generator 0.6
MC Modeling 0.6

CDF Run Il Preliminary (162 pb'1)

=
th
=)

"a:"' 4(]& MC : M, =175 GeVic® ISR 05
; sl FSR 0.5
E 3oe§ Bkg fraction (£5%) 0.5
% 2561 Bkg Modeling 0.5
2 200] ! :
5 7 Spin correlation 0.4
5 156
T Lo NLO effect 0.4
. . oo
1S -iOExpected statlstu?al error(GeV/’cz) 0 1 (NLO re- Welghted qq and gg fraCt|OnS)
DLM : M, = 177.8 + 4> (stat.) £ 6.2 (syst.)GeV/c?

2.0
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@ Template Method Overview &

.-'

(1) For each event, invariant mass of top is

reconstructed by minimizing c? defined as,; ]
fit amms (pUE Jit U Emeas 3
- -5 )
Xz = Vv (pT ) File :
T 7y
(M= Myl (M= M) (My; =07 (Mg, (1)
+ 2 2 + 2 + 2 '
L'y _ Ly [y [y ]
- Jets resolution term
- Unclustered Energy term Top mass is Y
- W mass and Top mass term free parameter}

(2) Additional selection cut on resulting c? LA
(3) Build templates of Mt with smallest c? from MC for

- Signal with different top mass £ " [Tempiate source
d Bl Mistags, 4-jet
- Each background source gex I Mistags. 3.5 jet
' i : i i s [ Wbb. 4-jet
(4) Paramgterlzatlon : Build signal p.d.f. as & ozt — =i
a function of generated mass. [ 1-top, s chan

Il 1-top. t chan

0.1/

(5) Fit to the data using unbinned likelihood. — *

100 130 ZoD 250 oo 380
Reconstructed mass [GE".”Gz:I

Aug. 30" 2004 at APS/DPF ‘Kohei Yorita




N

@ Template Method with >=1 b tag &>

o

[ u '1 - - -1
CDF Run |l Preliminary (162 pb ) CDF Run Il Preliminary (162 pb")
8 - Lisalihond v lap mass
dg 8 Likelihood vs top mass § : o DL}&IEI_'t awvre) ]:f
— C “~A0F = \
- T I:lData (28 evts) X1 G 7L 52
8 ?__ _IE st 0 ﬁ__D:--:nI-E-L:-J :na’
7 _ % fm . 0.8
o F Signa|+Bkgd E o , ‘5 : eos ony //"} 'ﬁ‘g -
= C al H W o4 : / 120 150 160 210 240
o — F / v M, (G eVie }
T 5 ‘_%Bkgd only ot \-\/ o o)\ . .
S =k 0 ~_ Upcoypstrained fit
w 4= 120 150 180 210 240 : o
- M, (GeVic ) 1 Bione g
3: ok L B S S R e wwm
C H H 60 80 400 4120 140 160 180 200 220 240 260
— CO n Stral n ed flt Reconstructed Mass (G E\“L‘Jb
2 e
- ategory ackground (events ol GEV
- Cat Background ( My, (GeV/ &2
1= input output
oE L, ke W+ >3bjes| 70508 [71L108| 1749 15
60 80 100 120 140 160 180 200 220 240 260 no constraint | 16.7 ‘|'”"3 ]_77?"‘;;

Reconstructed Mass (G eWcz)

Template (btag) : M, =174.9 £ 7.1 (stat.) £ 6.5 (syst.)GeV/c?

Stat. error from the fit is scaled up by l.7 l
1.065 to provide 68% coverage of the
true mass value ‘Jet Energy Scale : 6.3 GeV
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Template Method Combination Y&

EH*.

.-'

» Divided into 4 sub-samples :

_ _ 5 Output vs Input Mass
-- 2tag (4 combinations) St il e
-- 1 tag (12 combinations) Sauo. oAl gt
- 3.5 jets, 4jets different S/B gi
-- 0 tag, (24 combinations) £l
» Mass templates built for each e
Su b'S am p I es. 120-: CDF Run |l Preliminary

» Likelihood procedure uses " 18 60 180 200 220 240
. . Input Mass (GeV/c")
Information of all sub-samples

. . i Width of pull dist. _ Uncert. Coverage vs Scale Factor
simultaneously to determine §. AT eT—— %
best top mass. §iu <
L L2tag thag,4j thag,3.5j LOtag 0.951 L

g

> Uncertainty is scaled up by o= I
1.058 for 68% error Coverage' Dﬁ% He e iﬁipumnﬁivé?ﬂ PROSS080S T 1 E;;I:E;jur

&
(51}
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Results : Template Method &7

Expected Statistical Uncerl.

Comblﬂed IlkellhOOd curve “w2200 CDF Run Il Prelimina
= ry
L _ L ’ L Ve L ’ L gﬂﬂm_
— 2tag 1tag,4j 1tag,3.5j Otag ‘%T: 2$
e £1400-
Likelihood vs top mass 1200
-~ 8 1000}
i F 800
£ 75 600|
Jd F 400"
L 6C 200
- L T 5 ©0 5 10 15 20
e o(M,,) (GeVic")
A CDF Run II Preliminary
C Source of Systematics | AM,,, { GeV/e?)
3:_ Jot Encrgy Scale a.8
: ISR 1.2
o FSR 1.2
r PDF's 0.4
1: Generators 0.3
- CDF Run Il Preliminary Background Shape 1.0
0:| 1 1 ‘ 1 1 | | 11 1 | | | | | | I 1 1 | I 1 1 | 1 1 | ‘ Dthcrl MG mcxj-c]itlg D-S
100 120 140 160 180 200 220 240 2260 M?} t;‘iﬁ g;
ISTICH E
Top mass (GeV/c) o] =

Template : M,,, = 176.7 igg (stat.) £ 7.1 (syst.)GeV/c?
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Summar

DLM : (Current CDF official)

4 5 T Tevatron Run 2 Preliminary
M, =177.8 (stat.) £ 6.2 (syst.)GeV/c? 1 - o -
5.0 ]CDF Dilepton 176.5 +172 52
Combined Template (less assumption, Runl check)}}™" Lt -
Myp =176.7 6.0 (stat.) £ 7.1 (syst.)GeV/c? |CDF M,.., Template 176.7 +80 71
54 (L= 16200 -
- — & 5 |
(1) Now_ our measurements_ are D0 M., Template 170.0 5397
dominated by systematics. (L= 16000
| g . & i
- Reduce Jet Energy Scale Uncert. by_ a eEEnmE 1796454488
better understanding of cal. simulation.  je=re) 6 .
(2) Add more data (expect : >40" Runlin Runll) 1DoIdeogram 77,5450 471
(now : 1.5 Runl) I
(3) Measurement of hadronic W mass  COEDLN 177855 167
- constrain light jet energy scale _:‘“ 2 P s
(4) Will try to combine diff. methods, {Run 1 World Average 176.0 -77 £33
diff. channels to get one value! 160 165 170 175 180 185 190 195
Top Mass (Gerc )

Again, Runll goal is an error of 2~3 GeV
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Some Plots (Data vs MC) €87

180 CDF ll preliminary ' Batlzkground | E
. 2 Background errors _f

£ . oagondrt@72 - The data are well understood

S1207 + Data(162pb’) E by MCI

3 wr S - - Agreement is quite good!

g 60:— %&WW _:

E . .

= ::: — < (Ht : Et scalar sum of lepton , jets, Met)
oE L”"”""”""| :

CDF Preliminary (195 pb-1)

| CDF Il Preliminary _ Data 80 I .
10— I Wbb Njet >3 b ]
B Wee | fiy 0.9F - g
8 BN QCD 60 0.8 - - -
B Mistags w 0 ?' o ]
6 Il Top (6.7pb) s ol 4 6 8
- S 40; G (Pb) -
a4l g top

C | Wejeis

- 201 M other EW -
2 BN QCD
% 100 200 300 400 500 600 700 Du 100 200 300 400 = 500 600

HT (GeV)
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DLM : Comparisons \\ 74

@ Event-by-event Maximum @ Event likelihood
Likelihood Mass with wide For i-th event,
range of [125-225] GeV. L, = (‘Li (M)dM
Note : First(last) bin includes
under(over) flow.

A event has one
likelihood value

Maximum Likelihood Mass Event Likelihood distribution

] CDF Run Il Preliminary (162 pb™) _M.(L‘ Prediction 1 CDF Run Il Preliminary (162 pb™)
1Signal MC : M, = 175GeV/c’ — Signal tthar(MC) SE —— MC Prediction

- 6§ Y Data 22 events ?E — Signal tthar(MC)

‘% SE A 6; ¥ Data 22 events —

S 4 2= g s Am

E 3 Y v a4 1

2 ] E

" 1 Bl 2 —v—vy | vy
. == E :TE
: ﬂ;l_

T30 140 130 160, 170 180 190 300, 310 320 - 2 4 6
Maximum leellhOOer (GeV/ cz) log(Likelihood)
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